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FOREWORD 


As  noted  in  the  preface,  this  publication  presents  no 
new  concepts  or  theories  for  the  prediction  of  sea,  swell 
and  surf.  However,  it  represents  such  a well  written  and 
simplified  digest  of  information  now  contained  in  several 
separate  references,  that  it  was  adjudged  to  warrant  re- 
printing for  distribution  within  the  Navy.  Although  pre- 
pared for  use  by  forecasters  concerned  with  the  U.S.  west 
coast,  the  methods  described  are  applicable  in  all  ocean 
areas. 

Numerically  produced  sea  and  swell  predictions  should 
generally  prove  superior  to  the  manual  techniques  discussed 
herein  at  middle  and  high  latitudes  of  the  Northern  Hemi- 
sphere. Nevertheless,  within  areas  for  which  numerical  sur- 
face wind  prognoses  are  not  reliable,  whenever  the  radio- 
facsimile  broadcast  cannot  be  received  or  on  occasions  when 
the  sea-level  prognosis  is  substantially  in  error,  fleet 
meteorologists  will  necessarily  prepare  their  own  forecasts. 
It  is  anticipated  that  this  single-source  reference  will 
prove  useful  for  that  purpose. 


^^J^JJOMERVELL,  JR.  / 
Captain,  U.S.  Navy 
Commanding  Officer/  \ 

Navy  Weather  Research  facility 
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PREFACE 


This  manual  is  intended  as  a ready  reference  for  operational 
techniques  of  wind  wave,  swell  and  breaker  forecasting.  No 
attempt  is  made  to  advance  new  conceDts  or  present  mathema- 
tical developments.  Neither  is  any  one  wave  forecasting  sys- 
tem claimed  to  be  superior  to  any  other,  indeed  it  is  the 
difficulty  of  defining  the  wind  wave  generating  parameters 
that  introduces  differences  between  the  various  diagnostic 
and  forecasting  techniques.  Given  a well-defined  wind  field, 
differences  in  forecasts  made  using  the  various  wave  spectra 
and  forecast  schemes  would  be  well  within  the  limits  of  obser- 
vational accuracy. 

The  physics  of  wind  wave  generation  is  very  complex,  with  many 
unknowns,  and  with  much  of  the  theory  yet  to  be  developed. 
Mathematical  solution  of  wind  wave  generation  must,  as  yet, 
be  approached  through  a series  of  approximations  and  simplify- 
ing assumptions.  To  satisfy  marine  operational  requirements, 
it  will  be  assumed  that  when  winds  blow  over  an  appropriate 
fetch  water  waves  will  appear  and  propagate. 

Water  waves  constitute  a large  domain  ranging  from  capillary 
waves,  with  periods  in  fractions  of  a second,  up  through 
diurnal  tides  with  periods  of  approximately  24  hours.  Long 
period  atmospheric  or  storm  induced  ocean  waves  may  have 
periods  measured  in  days  or  even  weeks.  This  manual  will 
present  a stereotyped  technique  for  predicting  wind  generated 
waves  and  as  such  will  concentrate  on  a narrow  band  of  the 
water  wave  spectrum. 


WESTERN  REGION  SEA  STATE  AND  SURF  FORECASTER'S  MANUAL 


I . I NTRODUCT I ON 

Geographical  and  cl inatological  conditions  divide  the  west  coast  of 
the  United  States  into  three  separate  sea  state  and  surf  regimes — 

I)  Strait  of  Juan  de  Fuca  to  Capo  Mendocino,  2)  Cape  Mendocino  tc 
Point  Conception,  and  3)  Point  Conception  to  Mexican  border . However, 
a common  requirement  for  the  entire  coast  is  an  open  ocean  and  coasral 
waters  sea  state  forecast.  While  source  regions  of  waves  affecting 
different  portions  of  the  Pacific  Coast  vary  radically,  basic  scienti- 
fic concepts  and  mechanics  of  open  water  sea  ana  swell  forecasting  are 
universal.  Dictated  by  both  air  and  water  temperaTure,  aquatic  acti- 
vity in  the  sea-land  interaction  area  or  "surf  zone"  varies  markedly 
with  changes  in  geograph icai  area.  It  is  this  changing  utilization  of 
the  marine  environment,  coupled  with  the  geographical  orientation  of 
the  coastline  that  divides  the  west  coast  surf  or  breaker  forecast 
requirement  into  the  three  natural  zones,  each  with  its  own  distinc- 
tive problems.  Techniques  for  forecasting  breaker  heights  are  also 
universal  but  bottom  contours  and  beach  or  bar  orientation  must  be 
specifically  defined  for  each  forecast  point.  Tidal  currents  must  be 
given  consideration  when  computing  wave  and  breaker  heights  in  many 
areas . 

From  the  Strait  of  Juan  de  Fuca  southward  to  Cape  Mendocino  the  north- 
south  oriented  coastline  is  subject  to  wind  waves  or  swel Is  generated 
by  storms  traveling  over  mid  and  northern  latitudes  of  the  no'th  Pac i - 
fic  Ocean.  Small  craft  harbors  of  refuge  are  some  distance  apart  and 
frequent  heavy  seas  make  coastal  water  sea  state  forecasts  of  vital 
concern.  The  primary  user  requirement  of  the  "surf  zone"  forecast  is 
for  a description  of  waves  or  breakers  over  an  effsnore  car,  along  a 
breakwater  or  at  a channel  entrance,  with  oniy  minor  interest  in  beacn 
breakers.  Wave  or  breaker  conditions  over  a bar  are  frequently  criti- 
cal for  all  types  of  watercraft.  From  the  seaward  sice  a mariner  looks 
at  the  smooth  back  side  of  waves  breaking  over  a bar.  Inis  deception 
may  lull  him  into  attempting  a bar  traverse  through  heavy  breaking  ' 

waves  that  were  not  apparent  from  the  seaward. side.  Small  boats  may 
be  swamped  in  this  narrow  band  of  heavy  breaking  seas,  with  safe  wate*- 
only  a few  hundred  feet  away,  both  inside  and  outside  the  bar  or  breaker 
zone.  These  same  seas  may  be  sufficiently  high  as  to  .cause  3*  dees  draft 
vessel  to  hit  bottom  while  in  a wave  trough  over  the  Par.  There  have 
been  reports  of  medium  and  heavy  tonnage  vessels  striking  bottom  while 
in  heavy  seas  over  the  Columbia  River  bar  where  the  channel  is  main- 
tained at  a minimum  depth  of  48  feet  below  mean  lower  low  waterbjjf* 

Tidal  currents  strongly  affect  marine  safety  at  many  harbor  entrances. 

A strong  ebb  tide  current  at  a narrow  h jrbor  entrance  wi I I ti ncrease 
the  height  and  steepness  of  incoming  waves  while  shortening  .the  wave- 
length. This  comb i nat i on  of  events  may  quickly  produce  an  unstable 
breaking  wave.  In  heavy  seas  thij  breaking  wave  takes  the  more  hazard- 
ous form  of  a plunging  breaker,  which  in  the  extreme  may  approach  a 

-I  - 


tidal  bore.  Conversely  during  a flood  tide  incoming  waves  and  tide, 
current  Tend  to  move  in  the  same  direction.  This  results  in  increased 
wave  length,  lower  wave  height,  lower  wave  steepness,  and  generally 
flatter  seas.  Thus  a harbor  entrance  that  was  navigable  during  slack 
and  flood  tide  may  become  impassable  curing  e'bb  fide.  Along  the  Oregon- 
Wash  ington  coast  navi  gab  ie  bays  and  estuaries  are  typicaily  large  rela- 
tive to  the  width  and  oep’h  of  the'r  respective  channels.  This  results 
in  strong  tidal  currents  which  tend  to  induce  unstable  or  breaking  waves 
as  well  as  compounding  the  problem  r>y  contributing  materia!  to  build 
and  maintain  offshore  bars.  STreamflow  inro  the  estuaries  aiso  contri- 
butes to  the  strength  of  the  tidal  currents. 

Timing  of  tidal  currents  should  not  be  inferred  scleiy  ay  reference  to 
a tide  table.  For  stations  on  the  buter  coast  there  is  usually  iittle 
difference  between  time  of  high  or  low  water  and  beginning  of  ebb  or 
flood  current,  but  in  narrow  channels,  landlocked  harbors,  or  on  tiaai 
rivers,  time  of  slack  water  may  differ  by  several  hours  from  time  of 
high  or  low  water  stand.  For  the  pred feted  times  of  slack  water,  and 
other  data  on  currents,  reference  must  be  made  to  "Tidal  Current  Tables, 
Pacific  Coast  of  worth  America”.  This  volume  is  published  annually  by 
ESS A Coast  and  Geodetic  Survey.  It  is  necessary  to  know  fide  stages, 
tide  ranges,  and  tidal  currents  when  predicting  breakers  ai  certain 
harbor  entrances,  peak  water  levef  during  a storm  surge,  stream  levels 
within  the  reaches  cf  tidal  influence,  and  interpretation  and  verifica- 
tion of  tsunami  warnings-  and  .m  v i son  i us  . fro  usual  magnitude  of  storm 
surges  along  the  v.esr  Coast  mu-.e->  from  o?  -little  consequence  unless  They 
occur  dur a period  of  unusually  high  tf'das.  Similarly,  a tsunami 
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estuary  hazards,  compared  to  those  of  the  Pacific  Northwest,  are  of 
minor  concern.  With  heavy  year-icng  utilization  of  beaches  and 
periodic  hazardous  surf  conditions,  a continuing  surf  forecast  service 
is  of  primary  importance.  Since  ocean  swells  travel  along  great  circle 
paths,  seas  generated  in  low-to-midd !e  latitudes  of  the  north  Pacific 
Ocean  can  reach  southern  California  nearshore  waters  while  the  landfcrm 
precludes  arrival  of  swells  from  more  northerly  latitudes.  Thus,  the 
frequency  of  heavy  winter  seas  and  surf  is  much  lower  over  southern 
California  waters  than  for  the  rest  of  the  Pacific  Coast.  On  the  other 
hand,  much  of  this  coast  is  vulnerable  to  souther  I y swells  and  consfe- 
quent  heavy  summer  surf  from  sear,  generated  by  tropical  storms  off  the 
Mexican  and  Central  American  coasts.  Origin  of  tow,  long  southerly 
swells  building  into  very  heavy  breakers  and  dangerous  rip  currents 
has  been  traced  to  Southern  Hemisphere  storms  as  far  away  as  the  Ross 
Sea  and  southern  Indian  Ocean. 


II.  SELECTING  A SEA  STATE  FORECAST  TECHNIQUE 


Of  several  ocean  wind  wave  forecasting  techniques  now  in  use,  each  has 
ir.nerent  advantages  and  disadvantages.  Selection  o*  the  "best"  wave 
forecasting  system  centers  upon  the  ultimate  user's  requi rements,  fore- 
cast preparation  time  and  the  forecaster's  proficiency  in  each  tech- 
nique. The  mariner,  whether  he  is  a small  boat  operator  or  a aeep 
draft  captain,  is  primarily  Interested  in  what  he  might  observe  over  the 
tne  bow  of  his  craft.  Thus  his  attention  is  concentrated  on  the  higher 
seas  he  might  encounter,  or  more  precisely,  tne  "significant”  wave 
height  and  period.  These  same  s‘ uni f icon f wave  parameters  are  read:. ly 
used.Jn  predicting  bar,  channel  entrance,  or  surf  zone  conditions. 

These  conditions  arc  successively  encountered  as  o poet  traverses 
from  deep  into  shallow  water.  Within  present  capabilities,  this 


"significant"  or  "singular1"  w-vo  rs  also  more 
sea  state  forecasts  than  are  he  mere  complex 
fore,  the  "s i gn i f i cant* wave"  ana  "significant 
nique  will  be  developed  in  this  paper. 


a a a r.  r a b le  To  come  u ter  I z ed 
spec r r a systems . T nore- 
sroa-'C""  forecast  tech-. 


The  "Significant  Wave  Method",  more  pcpji  ar  »v  mv  as  tne  Svercrup- 
Munk-Bretschne i der  (S-M-B)  Method  ( I ) , is  perhap.-  tne  most  widely 
used  of  seve-ai  'current  wave  forecasting  tochni  . iris  system  was 
developed  t/  Sverdrup  and  Monk  •4:ring  Vfor , o t • ana 'was  later 
updated  by  Brofschneiuor  . i t was  mo  first  s r i - na I system  i r.rro- 

Jucoo,  is  the  moot  * I j.  • * y used  i eohn  i ciuo , at  i i ..  appl  '.cable-  from  deep 
wafer  through  snuMc*  water  as  wn : i as  toing  ad  spiaom  to -tne  w»jd£Sf 
rang0  of  wind  wave  ’ predu ; i ■ : fetches.  vni th.->  T -*•*-!?  method  evolved 
.from  fheoretiai  ;.-;pr,icc*  at  lone  , the  "fir.ji  ; or%  i o : i :>r  : ecu  Tree  an 
abundance  of  basic  data  f or  Jet  mi  uu  < ion  of  cer  t ji  n C’nsranis  and 
coefficients,  i r;  order  tea  brin-;  the  mu  rpemu  f i ca  I devo-  ibrment  of  ocean 
wind  waves  by  linear  ,i  ; l-.,-./  wav*.1  fneory  into  agreement  with  observed 
ocean  wave  spectra.  For  .this  r.vr.  the  S-M-b  method  can  be  const  oereo 
s',  sonr  i t hc-or : i ; j I . ;-.r.  i •-•mp  i ’ ! . .»  f ter  .-1  er  mi  r.st  i on  of  fetch 

area,  wind  sp*oJ,  vita  ;u'eri  ••  si  -f  d i ; ' a .00  i ,-om  .a  series  of 
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synoptic  weaiher  charts,  the  S-M-8  wave  and/or  swell  forecas.  is  purely 
mechanical  and  requires  a minimum  of  time.  Forecast  verification  of 
this  technique  compares  favorably  with  ver'ficaticn  records  achieved  by 
any  of  the  other  systems.  ' 

The  space-time  wind  field  and  wave  generating  system  developed  by  Wilson 
i2)  is  also  a significant  wave  forecast  system,  but  applies  more  correct- 
ly only  to  deep  water  waves  and  would,  therefore,  be  less  applicable  >o 
shallow  water  forecasts.  For  variable  moving  fetches  with  variable  wine 
speeds  and  durations,  the  Wilson  technique  shcu.id  yield  more  accurate 
answers  to  deep  water  wave  generation  problems  than  the  other  systems. 

For  the  operational  forecaster  working  within  the  present  data  frame  and 
under  a time  handicap,  tne, more  complicated  Wilson  graphs  anc  qrea+er 
time  consumption  in  forecast  preparation  would  tend  to  negate  the  slight; 
gain  in  accuracy. 

The  Wave  Spectra  method  of  Pier son-Neumann-J anes  (P-it-j)  (3)  composes  and 
projects  the  "significant  range"’ of  wind  wave  heights  anc  wave  periods 
through  several  families  of  curves.  This  system  matches  theoretical 
energy  (or  wave  amplitude)  spectra  with  a statistical  approach  to  describe 
the  apparent  random  stare  of  a wind  developed  sea.  This  stochastic  sea 
is  then  propagated  through  both  time  and  space  to  yield  a time-lapse 
spectral  forecast  for  a target  poire  . in  effect,  the  P-.‘;-J  technique 
provides  a systematic  bookkeeping  system  to  account  ‘or  wave  energy 
developed  in  a fetch  and  then  dissipated  through  tne  dispersive  effect 
of  waves  or  swells  traveling  away  from  me  generating  area.,  While  a 
series  of  "filters"  concent rate  attention  to.  the  more  pertinent  or 
statistically  significant  por t i on  of  the*  spectrum,  considerably  more 
det'sil  I is  presented  than  is  normally  required.  Computation  and  final  r; 
display  of  a P-N-J  sea  state  forecast  :s  a 'lengthy  exercise  and  one , 
from  wnicb  only  selected  forecast  information  would  De  extracted  for 
trio  average  marine  forecas;  sorv'ce  c us 'tome:  . Tne  coasts  I oss ' nver  or 
marine  scientist  mig.hr,  on  the  other  Pane,  have  a cef.ini  re  requ  i remern 
for  tne  complete  energy  spectrum,  description  and  r^recas  r . 

Jue  to  its  broviry  in  uoln  preparation  -ana  presentation,  • n«  3-M-B. 
method  was  chosen  as  rne  opt  imum  system  aval  '.able.  3t  the  present 
rime,  ine  marine  me  tooro  legist  may  wish  to  c-<r  lore  of  her  w i r.«j  wavib- 
forecasting  techniques.  Other  .'/sterns  may  6f.  more  advantageous  fc.r  > 
specific  problems. 


III.  DEFiMl  i toll  OF  CGMN’Oli  it-ONiG 


**. 


A.  few  basic,  definitions  ere  necessary  to  exp  i a i n r^rm-..  i-r.  ocean  wif 
wive  discussions.  While  the  to  i ?»•.:  • I .« f s *i : 'c.  Py  no,  irwuims 
t i ve  ihuv  w i I 1 form  the  rei*.  • . > r jr-cw-..*  *•  r ecu  i ruu  for  sea  state  ir.o: 
Surf  description  ■ and-  forecast  ine.  Tne  t i r s , group  terms  the  oescri 

if  i lies  the  war  k t n. : too  l *. . 


tl.ye  platform,  while  ttc  ?♦;  .end  or  our 
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SEAS  - When  3 wind  comes  up,  the  sea  surface  atmrst  instanta- 
neously becomes  covered  with  tiny  ripples  (or  capillary  waves)  which 
form  more  or  less  regular  arcs  of  long  radius.  As  the  wind  continues 
to  blow,  the  ripples  increase  rapidly  in  height  ano  become  waves  wnile 
at  the  same  time  new  wavelets  are  born  and  propagate.  Soon  a very 
large  number  of  progressive  waves  are  present.  In  generating  areas, 
these  families  of  randomly  developed,  irregularly  shaped  short  crested 
waves  are  known  as  wir.d  waves  or  seas. 

SWELLS  - As  winds  die  down  and/or  seas  leave  the  generating 
area,  fairly  uniform  long  crested  waves  propagate  forward.  These 
orderly  waves  leaving  the  generating  area  are  known  as  swells.  Meta- 
morphosis from  seas  to  swells  is  usually  considered  to  be  on  a time 
scalfl  of  15  to  20  hours.  Note  in  figure  I tne  comparative  spectral 
lc ration  and  overlapping  of  wavelets,  wind  waves  and  swells. 

FETCH  - The  fetcn  is  an  area  of  the  sea  surface  over  which  a 
wind  of  uniform  direction  and  near  constant  speeo  is,  or  has  been, 
blowing  for  a period  of  several  hours  or  more.  While  fetch  areas  ray 
have  various  geometric  shapes,  the  most  practical  procedure  is  to  seiect 
a rectangular  area  con.aining  the  greater  portion  of  a uniform  wind 

field. 


WIND  WAVE  (C)  - Wave  speed  is  the  rate  of  advance  of  a single 
wave  crest,  usually  expressed  in  Knots.  It  is  noted  that  this  is  me 
speed  of  a solitary  sinuscdia!  or  trochoids. ! fa  wave  whose  ler.gtn  is 
much  greater  than  its  amplitude)  wave.  Since  individual  or  solitary 
waves  are  short  crested  ano  of  limited  duration,  wave  speed  is  diffi- 
cult to  observe.  A theoretically  computed  wave  speed  is,  therefore, 
used  in  a later  section  to  evaluate  wave  nod i f i cat ; on  by  opposing  or 
following  tidal  currents. 

GROUP  VELOC.IT Y (Cqr)  - The  speed  at  wnich  a wave  morit  or  3 
particular  wave  train  advances  mom  t.ie  fetch  area.  prom  energy  con- 
siderations, it  can  be  shown  that  wave  group  velocity  is  one  half  the 
solitary  wave  speed.  Group  velocity  is  tne  speeo  used  to  calculate 
wave  arrival  time  from  a distant  source. 

SIGNIFICANT  WAVE  ih(/7  or  H&)  - This  is  a statistical  wave 
ard  is  defined  as  the  mean  or  average  of  she  higneot  one-third  of  me 
waves  in  a given  wave  train  or  in  3 wave  generating  3rea.  It  also 
approximates  the  value  that  an  experienced  observer  would  usually 
assign  when  visually  estimating  sea  heights. 

BREAKERS  - Breakers  occur  when  a wave  becomes  sufficiently 
steep  and  unstable  so  that  the  wave  crest  breaks  or  spills  down  the 
advancing  wave  front  in  a dispiay  of  white  water.  Depone i ng  upon  the 
degree  of  wave  steepness  and  upon  tne  shoaling  bottom  slope,  breakers 
may  take  the  following  forms  (see  Figure  2): 
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SPILLING  BREAKERS  - wave  steepness  is  small  and  bottom 
slope  gentle,  with  wave  crest  speed  very  slightly  greater  than 
trough  speed.  Crests  break  and  curl  with  a gentle  uniform  flow 
of  white  water  flowing  down  the  advancing  wave  face.  This  is  the 
more  tranquil  condition  of  light  whitecaps  or  rather  small  waves’ 
gently  rolling  onto  a beach. 

PLUNGING  BREAKERS  - with  greater  wave  steepness  or  in- 
stability and  on  a moderately  sloping  bottom,  wave  crest  speed 
begins  to  exceed  trough  speed  by  increasingly  greater  amounts. 

Soon  a large  volume  of  crest  water  overtakes  the  wave  front  and 
plunges  down  the  wave  face.  This  is  the  most*  turbulent  of  breaker 
conditions. 


SURGING  BREAKER  - when  a staple  wave  advances  up  a very 
steep  beach  slooe  it  will  appear  to  run  up  with  little  change  in 
wave  shape  and  with  a gradual  decrease  in  wave  height  as  the  wave 
approaches  the  apex  of  its  climb.  There  is  I itt I e or  no  white 
water  running  down  the  wave  face,  with  a gentle  uniform  backflow 
as  the  water  recedes  to  meet  the  next  incoming  wave. 

TIDAL  BORE  - the  extreme  case  of  a plunging  breaker. 

Put  w ! r n a large  volume  of  fol  lowing,  water  pushing  the  wave  in 
such  a manner  as  tc  present  a moving  vertical  face,  with  crest 
and  trough  speeds  identical.  This  is  usually  the  case  of  unstable 
waves  meeting'  a strong  opposing  tidal  current  or  of  a large  volume 
of  water  advancing  up  a shallow  bay  or  estuary.  The  ttcaT  bore  is 
- independent  of  bottom  slope.  • 

WAVE  C'l ££PNES$  - A parameter  describing  wave  stability  and 
uu  fined  "as  the  ratio  of  wave  r.oighf  to  wave  length  CL).  - Theoretical 
r,$x>u*,  wave  -.teepness  .s'  on  in*  erde-  of  H/L  -"o.!C.  When  this  iirr.it 
is  reached  tr.e  peaking  wa.-c.  becomes  unstable  end  breaks. 


Tno  following  group  of  terms  and  symbols  is  used  in  the  mechanics  of 
sea,  ‘■well  and  surf  forecasting.  While  some  of  these  terms  have  already/ 
been  defined,  they  ore  repeated  here  in  their  order  of  appearance  in  the 
forecast  procedure: 


■ •.A  • 


/*■  ’ r.i < ‘ 'jvCj 
r-ii  /M  ir.  holm 

. j-'.h  , tt  /!  •”<  i ( 


SYMBOL  AND  ’f 

DIMENSION  DEFINITION  f ' 

None  Area  of  water  over  wnicn  wi  no 

speed  and  direction  are  uniform 

U!)  r.nofs  wind  speed  over  a 'etcr. 


lengtn  of  fetor,  meavu-ed  in 
1 he  Same  direct ‘or,  as  tno 
w i nj  in  j i r. • p; , 

wt*ngth  ,f  t;-,-  .vine  u.ew  with 
name  noc>>  a r*.*;  ui  rr  ;;f  i on  over 
•’  1 '«  *o  v-dov;*..-  i given  seo . 
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NAME 

SYMBOL  AND 
DIMENSION 

DEFINITION 

MINIMUM  DURATION 

<tm|n)  Hours 

Minimum  time  necessary  for  a 
given  wind  speed  <U)  to  pro- 
duce a fully  developed  sea  In 
a given  fetch. 

EFFECTIVE  DURATION 

i t«j ) Hours 

The  smaller  of  (t(j)  or  (tffin). 

WAVE  PERIOD 

(T)  Seconds 

Time  necessary  for  successive 
wave  crests  to  pass  a station- 
ary point  in  the  ocean. 

(Length  of  time  between  crests.) 

FETCH  PERIOD 

(Tj.)  Seconds 

Average  period  of  significant 
waves  in  a vetch. 

WAVE  HEIGHT 

(H)  Feet 

Height  of  wave  from  trough  to 
crest. 

WAVE  LENGTH 

(L)  Feet 

Distance  between  successive 
wave  crests. 

SIGNIFICANT  WAVE 
HEIGHT 

(H|/3  or  Hs) 
Feet 

Average  height  of  the  hignest 
one-third  of  the  waves  in  a 
fetch  or  wave  set. 

FETCH  WAVE  HEIGHT 

(Hp.)  Feet 

Significant  wave  heignt  devel- 
oped in  a fefch.  Always  equal 
TO  H | /3 • 

AVERAGE  WAVE  HEIGHT 

(Hgyg)  Feet 

Average  height  of  al i the  waves 
in  a given  sea. 

DECAY  DISTANCE 

(D)  Mi les 

Distance  from  leeward  (downwind) 
edge  of  fetcn  to  forecast  point. 

DEEP  WATER  WAVE 
HEIGHT 

(H0)  Feet 

Significant  wave  neiyht  after 
decay  but  before  reaching  shallow 
water  to  become  surf  (i.e.,  sig- 
nificant swell  after  decay 
height ) . 

TRAVEL  TIME 

<tp)  Hours 

Length  of  time-  necessary  for 

waves  to  travel  decay  distance 
(D). 
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The  *ot lowing terms " art#-. n order  of  appearance  In  fore? 
cast  procedure,  are  used  I n the' eurf  or  breaker  forecasti  ng  technique: 
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NAME  * 

SYMBOLkAND 

DIMENSION 

DEEP  WATER  WAVE  ANGLE 

<a0>  Degrees 

WAVE  STEEPNESS  INDEX 

(H0/Tg) 

BREAKER  HEIGHT  INDEX 

(Hb/Ho) 

BREAKER  HEIGHT 

(Hb)  Feet 

BREAKER  TYPE 

■ ‘ : : " ‘;;v*  : ’•  ’ 

None 

BREAKER  DEPTH  INDEX 

(db/Ho) 

WIDTH  of  surf  ZONE 

Yards 

BREAKER  WAVE  LENGTH 

(L^)  Feet 

HUMBER  OF  LINES  OF 
CURF 

None 

REFRACTION  index 

(dt/Lo) 

COE Ft  1C  1 ENT  OF 
REFRACT ! ON 

lKd> 

SRCAI.Fi:  angle 

(dp>  Degrees 

. /Ri  vi’dRRLN f 

Knots 

DEFINITION 

Angle  between  crests  of  the 
deep  water  wavh  and  the  bottom 
contours^ df  a shoa I inq  area. 

Ratio  of  deep  water  wave'  height 
to  square  of  deep  water  wave 
period. 

Ratio  of  breaker  height  to 
deep  water  wave  height. 

Height  of  breaker  ■‘rom  trough 
to  crest. 

Classification  oi  breaker  as 
to  spilling,  pi ung i ng  or 
surging. 

Ratio  of  doptn  at  which  waves 
start  to  break  to  deep  water 
wave  heignt. 

, Hor izonta I d i stance  between 
outermost  breaker  and  limit  of 
wove  uprush  on  fno  beach. 

Horizontal  distance  between 
successive  breakers. 

The  number  of  lines  of  breakers 
i n the  surf  cone. 

Ratio  ot  depth  at  which  waves 
start  to  break  to  deep  water 
wave  iength . . 

Percent  of'  breaker  height  seen 
on  beach  al  ter  refra-^lon  c rs 

Anglo  between  the  beach  ana  the 
I i nos  of  proaKefs  af  ter.  r .\fr  j.  - 
J ion. 

Current  parallel  to  bead,  due 
to  brooKor  a.n ale,  breaker 
he i -in t , breaker  per  ioc  "end  ; 

bench  \>  I ope  . 


IV.  fundamental  equations 


The  si  trip  lest  wave  theory  deals  with  waves  that  can  be  represented  by 
a solitary  sine  wave  curve  and  in  wrich  wave  height  is  much  smaller  than 
wave  length.  More  properly  for  large  waves,  the  form  would  be  a trochoid 
which  may  be  described  as  the  trace  of  a point  on  a disk  which  roils 
along  a flat  surface.  In  water  of  constant  depth  >'o)  s-ch  waves  travel 
with  the  speed 


( I ) C ■ J tanh  2 n ~ 

Where  g is  the  acceleration  o * gravity,  C,  L,  and  d have  been  defined  anj 
tanh  is  the  hyperbolic  tangent. 

if  d/L  is  large,  that  is,  if  wave  ienc+h  is  sm.j , i comparc-u  to  water  depth 
the  term  tanh  2»  approaches  unity  jnd  C = v'gL/i*  . These  waves  are 
called  deep  water  waves.  If  j/L  is  smail,  that  is,  if  wave  length  i s 
large  compared  to  water  depth,  tenr-  2tt£  approacnes  2*  d/L  and  C 1 / gd . 
These  waves  are  known  as  shallow  waTer  waves. 

In  general,  waves  hove  unaracter i st i cs  of  deep-water  waves  when  water 
depth  is  greater  than  one-half  wave  Ic-n gth  ( d»i_/2).  Discussion  will 
bo  mainly  with  waves  of  thi_  category. 

From  the  above  deep  water  wave  eouaticr.  the  following  relationships  jre 
noted : 

(2)  C - L/f  - wjigt./2TT 


(4)  T - ^2»  L/g  - . tr  C/g. 

With  wave  speed  (C)  in  knots,  wave  length  ( l ) in  feet  and  wave  penioc  i’) 
in  seconds,  the  above  eguations  reduce  to: 


<b) 

— 

1 . 34  J L : 

;.03T 

(t) 

l - 

O.SSbCJ  - 

*-•.  1 2T^ 

( /) 

r = 

0.41  1 47"  - 

0.  'K 

1 t can 

tra 1 ns 

olso  Dt.'  shown 

trave 1 mav  be 

th-1  t 

expn 

the  wavv  g 
essed  as: 

roup  ve loci ry 

(«) 

Ogr 

- C/2  - 1 

f.101  . 

-9- 


Thus,  if  one  Wave  parameter  Is  measured  fWe  other  two  can  read!  I y tie 
computed.  Although  those  oquat i oris  are  not  rout  nely  used  in  the  daily 
forecast  procedure,  they  do  have  an  occasional  explication  and  are  in- 
cluded here  for  ready  reference.  Equation  8 is  especial  I y useful  for 
quickly  computing  wave  travel  time,  : rom  a distent  storm. 


V.  GENERAL  FORECAST  PROCEDUFC 

The  first  step  in  p'ooaring  a sea  state  and  surf  forecast  is  to  locate 
a fetch  or  generating  area  from  which  waves  might  reach  1 he  forecast 
point.  Wind  speed  ana  duration  are  then  evaluated  for  this  fetch. 

With  these  values  determined,  if  is  theni largely  a mechanical  process 
to  follow  through  The  nomograms  to  develop  seas  in  the  fetch,  compute 
The  decay  of  swells  reaching  the  forecast' pdfnt  and  finally  develop 
the  surf  or  breaker  condition  as  deep  water  waves  traverse  the  shallow 
water  anc  die  on  the  beach. 

Co term i not  ion  of  the  generating  area,  or  force,  is  the  most  subjective 
factor  in  the  entire  process  of  wave  forecasting.  While  if  is  diffi- 
cult to  establish  a rigid  set  of  laws  for  fetch  selection,  the  follow- 
ing rales  and  techniques  wit!  serve  aS  a general  guide  in  deli  heating 
fetch  areas: 


(uj  Examine  the  .vent nor  map  for  an  area  ever  the  ocpyn  in 
which  a wind  ot  near  eons  tan  1 -.peed  and  uni  form  di  recti  on  is  f" 
blowing,  or  has  peer.  blowing,  anc  wnich  would  direct  waves  or 
Swe i I :»  toward  ih._-  tar  get  ar  e.j. 
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REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


Great  circlo  paths  are  determined  by  a point  to  point  transfer 
of  great  circle  lines  trom  an  Azimuthal  Equidistant  Projection 
or  Great  Circle  Chart  to  Ihe  base  weather  map  used  by  the  fore- 
caster. A plastic  overlay,  containing  selected  great  circle 
paths,  placed  on  the  operational  weather  chart  is  a Convenient 
way  of  showing  great  circjcr’pa+hs  converging  at  the  point  of 
forecast  interest  as  wet  I as  the  di reef  ion  of  wind  flow  in  the 
fetch  which  would  direct  waves  toward  the  target  area.  Maps 
showing  great  circle  paths  converging  at  the  Straits  of  Jusn  de 
Fuca,  San  Francisco,  and  Los  Angeles  are  shown  in  the  appendix. 
These  paths  were  determined  from  U.  S.  Navy  Hydrographic  Office 
charts  6701,  6704,  and  6711  respectively. 

(c)  With  decay  di stances  of  500  nrautica I miles  or  more 
consider  only  fetch  areas  with  average  winds  of  20  knots  or 
more.  For  fetches  within  500  miles  of  the  forecast  point  con- 
si  tier  winds  of  15  knots  or  more. 

(d)  Moving  fetches  pose  a difficult  problem  for  which  no  simple 
answer  is  available.  Three  cases  will  illustrate  basic  concepts 
used  to  evaluate  moving  fetches.  The  forecaster  wi I i be  required 
to  exercise  his  ingenuity  in  evaluating  fetch  areas  that  do  not 
fit  these  simple  examples. 


(I)  Fetch  moves  with  the  wind  field. 


AS  -Initial  fetch 

CO  » Fetch  six  hou-s  later 


Li^c  feten  CO,  as  waves  generated  in  Ab  are  carried  along  as  tne 
fetch  moves  forward.  In  rapidly  moving  storms  the  wind  field 
moves  forward  *»t  about  the  sane  speed  os  most  of*  the  wind  wjvds. 
The  wind  then  acts  continuously  on  the  same  wave  as  tne  two  ad- 
vance. wind  duration  then  becomes  effectively  longer  and  the 
waves  grow  larger.  A rapidly  moving  storm  also  I eaves  v^p^  , 
little  wave  energy  ir,  its  wake,  Since  slower  moving  waves  "Wiro 
left  behind  and  have  ! it  tie  growth  due  to  short  exposure  to  tne 
active  wind  field,  the  net  effect  of  a rapidly  moving  storm'  is 
for  waves  to  spring  up  auickiy  with  storm  arr i va I , followed  bv 
an  equally  rapid  decay  as  • the  •.torn  passe*..  This  is  not  true 
for  a stationary  or  siow  moving  torm  where  the  wave-  front  moves 
out  ahead  of  tne  storm,  with  newly  genera tv  it  waves  being  continu- 
ally odd':!  te  tne  reur  a'  the  wave  fie!  I. 


(2)  Fetch  moves  opposite  to  wir.a  field 


W i r.d 


Fo*ch  movement 


AB  - 

i n > r i j 1 ft- ten 

CD  - 

! e ten  s 1 x hour 

Use  fetch  Au  as  the  Pest  entice.  C.B  might  appear  better  but 
waves  generated  in  Co  «* > f i be  moving  into  and  maintain  wave 
energy  in  AC,  witn  a >1.10 ' er  con  tr  i but  ion  from  Bt‘>. 

(3)  ( etch  moves  S'-';  r;nj  , * j ; ,jr  t a w*'.u. 

wine  rit'f  mcv*merii  — - ■) 


A‘_j  - 1 n ; 1 1 .j  I f e fen 

uw  - f c t . r.  .ix  hours  later 

-ue  Cb  js  fet-jr  areal  Other  areas  will  contain  waves,  v-*  rsc/ 
will  to  smolle  than  those  :n  the  overlapping  section. 


a t Ml  j If’Ltu  1 .*«  7ft  F i TCm 

.-.nor.  ship  observations  are  available  from  a fetch  arc-),  ♦ha-  .wera  ;*• 
reported  wi'C  creed  i * ohuai'v  ace. 7, ito  *or  w.ivr  ‘omp  jt-at  i on;  . 1 f . 

fetch  area  i a outlined  without  cu  ‘ f i c • -nt  wine  r /a  * i one  , * hr  x- 
s trophic  wind  speed  me,  be  u ec.  Vest'  op  h i C wind  r : . vw>r.  rec- 
to a representative  surface  wl't  through  ■: -V"  rs-r  t i • n_  i soarir.  ;-rv 

tuio  and  near  sea  s-rfo*  e air  stability.  Figure  i provide'-  j net'-od  f 

this  Cvrruc  t ; _,n , ‘.e-a  ar.-J  jir  tmnp<-r-;  mv/  se  I * nai* : *rpr 

nearby  sh  : p reports  or  !;»  r -te~r i * g b at  * a * -w  map.  * >r  r .>pr.  ot  -*  * ■ • ! . • 

’ ;•  at,  nor  /a  * i on  ■ th  it  : an  On  extr  j-'niaf?.  *'  the  f i pc  ;re.j  of 
! n ferest . tiC.-ing  .arrest  data  , no' m : l n<  > ’./O  ••  t<  r.r  • t uro  . it  _•■ 

jrj-  : . in  to-  r vr.t  ja*  •»  • - .0  sr  a1  • t.  r re  ; , :*•■  *.Vj  so"  j c .?*  j , 

Temper  1*1,10  i.1  llr.jS  ,,  1 ep  t V ■ • t I **~  ' r„j  • , wo  - I C f • to  i r;  I y t ,*.• 

■,>ra  percent  ;♦  *tvr-  ;ec  tr  j •;  *inw  th*  •:  f •.  t i , < • o 3 

0 p.  *3 1:  J . 


MINIMUM  FETCH  VERSUS  Mlh.V.jM  JoRA! 

Wind  wave  growth  i?  a f urct ion  at  wir.j  speed  (j .e^ntr.  of  time  tne 

wind  blows  (tj),  and  length  of  S.-tc-'  • r > '-•••«.'  wH.r  r jr.,  r<.r»r  wino  is 

blowing.  On  in  lane  waters,  fet  wictr.  ^.n  j wc"<.i  de"  * t may  also  bfe 
controlling  factor  ■ r.  wn,e  cevnl  cm  r . A-  ■*  '•  rc  *-r • no' eases  over 
smooth  stretcr.  oV  water , i ji  go  >.•"  a-  * >v  w.iveiets  spring  op. 

Orppelled  by  the  wind,  eac"1  wove  let  pews  war-*  v* : tt.  j me  o or-  less 

regular  arc  of  I ong  radios.  As  wav<  lets  c"4  s.  c over  i ac , zzr*.  waves 
crests  will  be  ir  phase  for  e ic  f f i v«»  w»»-e  while-  ethers  will  be  out 
Of  phase  with  tr.eir  r.oignt-rr  r ,-j  r.  r-  ,r...n  wave  oiJer  wave’,  continue 
to  grow  while  smaller  wj.es  ate  v.cr  i i r.o.jo  r.  :oir.  uorn,  all  moving 
more  or  less  with  the  wind.  In  a •v-'ot;  v-:*ly  *.  w * period  a cnaot  io 
sea  is  developed  with  a raod-v  a . s tr  ' :*i ' ■ rl  wav  - ana  many 

stages  of  wave  aevc  i apme-nt . Fo.  sim.  i i r.  • ! »•  a ynj.*-  y . • « .u  i t i on  will 
be  selected  suen  that  no  waves  o.vt-t  ’he  rear  ct  the  fetch;  in  this 
area  both  wave  h.ignr  and  p-rivj  win  trie-  c -•  cero.  A • some  oar  ’y 
stage,  the  wind  wiii  h ' 1 ;i;»i  on  y lo-  >'•  genera  to 

waves  of  relatively  sr.»':  •%.£•  iiudv  a*-  I . ^ .t  • r- d i.  lower  dashed 

Curve  of  figure  J.  I .•  .• , w-_vc  '*■  : l j"..  pe-r  i , . <•  f • ! • irr.ited 

oy  wind  (Jurat  iot  . A'-,  ' • » i •,  ,«•,  tro  v o"-  0 ;o  r will 

not  orodu  ;<?  ! -vs  *.  . »r>.,  w . < :<  i s d 1 stance 

is  kr  *wn  ar.  tno  r i n reten  _:>•  ; -»r.  • i r-g  ’o  to*  m i :•  i • O • Jur  at  ion 

which  will  caoSv  » //es  .a  i ' : the  d -r  ..;«,n  :jrvr. 

A i a ’er  s 0 . .o  •'  t wav r-  ..<* v*  ■ . d *■  *. . - . • i ! i ; - ..i ; * - ; r u r vt-  o ' 

Figure  •! . A .sum*.  fn  .♦  . * ;J  /.  : tv  : ; 1 v ,n  f > 

generate  wa.e  • i „.-.r  '..j  : i . • « * . . • o < re'  1 c ‘ "c  j'.-lif 

curve  v i t-.  *,n.  . rd  i : • s • •..  • >pro  •*,  * ' ■ *.  , ■ . a- to:  • ;.s < n t 

an  I rpreaso  in  w . n.  -r  . ^ > t , y . • . • n wave 

hoi  j' t cr  .er  • . or.  .-or  r-  • . ; • ; .•  ■ ■ .a  "h- 

fetch,  ! .ncr.  o ••••.-  wit.  i •.  "■  :> . 

fe’en  po  i r.  I , on.  1 non  I.  ■ v.  u • .os'  ••  :'j*  * 

is  fetch  i i it.  i « e-d . .*  -i  .•  « ; r.' 

ci  t ic  fetch  to  . o;  . i 1 • • ■ . . , 1 . ■.  -.>  ) • ^ 

known  as  the  r;  •••  ir ■..r,  •Jr.,t.  t^.,.  . :.*  . - • r.o-’  >.vnl  C • r the 

cast  of  a full,  Ji.'ve  ^ *•••  * y . w •.  :•:••••  t n i , - r-.w.  a., 

the  mir.imar  •’elc'  ' o' r c.  o' d : I •••  " i ..  j»  * . • . I'--'.  f >. 

be  f<*f;h  I Smile1,  : • • i ■"• . r a—  r -r . i s«-c 

in  oval  oat : r.g  ti.-  o .a  . f ■ ..  . ' • ; " a”. . 
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and  the  preceding  chart.  \t  times  it  :s  necessary  to  add  a correction 
determined  from  height  of  waves  present  in  the  area  when  u fetch  first 
develops.  Only  waves  which  travel  at  an  angle  equal  to  or  less  than  30 
degrees  from  fetch  wine  direction  snoulc  he  considered  when  making  this 
wind  duration  correction.  An  example  will  clarify  these  points. 

Assume  a fetch  of  at  least  1 00  miles  appears  on  a weather  map  with 
average  wine  speed  IC  knots,  ana  with  ships  in  tho  te*ch  reporting 
eight-foot  waves  traveling  downwind.  Entering  the  left  side  of  Figure 
5 with  h 50-knut  wine  arc  proceed i eg  across  to  the  eight-foot  wave  I i n« 
gives  a minimum  fetch  length  of  40  nautical  miles  and  a required  wine 
duration  of  five  hours  to  produce  the  observed  waves.  Thus  the  Pegin- 
n i n j point  for  timinc  he  wind  duration,  in  this  example,  would  be  five 
hours  prior  to  the  time  of  the  first  map  on  which  the  fetch  appeared  • 

Had  no  ship  reports  been  available,  a beginning  time  midway  between  the 
two  charts  would  hjve  been  interpolated.  With  naps  at  six-tour  intervals 
timing  would  have  been  started  th<-ee  hours  before  the  rime  ot  the  map 
first  showing  the  fetch.  Rvferrinc  unain  to  figure  3,  it  car.  be  seen 
that  a 30-knot  wir.d  over  -a  ninim-.r  fetch  would  produce  six-‘oot  waves  : r, 
three  hours,  straight  ir.terpoi  jt  ion  would  have  indicated  initial  waves 
two  feet  iower  than  those  observed . 

Consider  now  u more  difficult  example  with  the  to!. owing  so*  of  circur- 

• r jov{j'p  i 

U - 2z.  xnot  . f,.r 

t : i?  hour;.,  and 

F - PC.'  nautical  r.i  lev.. 

» Thor,  tr.o  » .iij  ,n<.  r.» ; ..  • :<>: 

u '/j  srots,  'or 

t i/  h ...rs,  a no 

t 4 00  no j i • cal  mi  ios. 

Th*  n tne  w'r.d  ir,wr,>as--s  to: 
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value  for  t or  value  for  F.  In  this  case, 
at  t = 12  hours  read  Hs  = 9 feet,  Ts  = e 
seconds,  and  Fmin=  110  miles.  This  indi- 
cates seas  are  limited  Dy  wind  duration. 

2.  Now  from  ns  - 9 feeT  at  u = 25  knots  pro- 
ceed upwar^  £o  the  left  along  the  Jotted 
lines  of  H^Ts  (lines  of  equal  wave  energy) 
to  U s 3b  knots  and  read  tmj n=  4.6  hours. 

3.  Then  for  u = 35  kdots  and  tj  = 4.6  + lb. 6 
hours  (F  = 400  mites  not  used,  as  it  is 
further  to  right),  road  H?  = 16  feet,  Ts  = 
11.2  seconds  and  F^jp-  220  nautical  miles. 
Again,  wave  height  is  limited  bv  wind 
durat i on . 

4.  Now  from  H : - Id  feet  at  0 - 35  knots  pro- 
ceed up  tne  coffee  lines  of  constant  h|Ts 


tc  L * 50  knot 

caTij  reao  <f^j  n-  t 

hours . 

c 

Then  for  j - 50 

tinj  r^jn' 

505  miles 

(t<j  -■  L * id  - 24  hours  no*  us<>3)  read  Hs  - 
35  feet,  7,  - ti.o  seconds  at  F - 500  riles 
with  tnj~  |-  hours.  In  This  case,  wave 
noighr  is  . ir.iiec  by  fetch,  length. 

DECAY  NOMOGRAMo  AND  5 LA  elAiL  .v'.->r.b m'.-T 

Assume  tnat  an  a;  p-o.  r ■ j?-:  • >•  oriented  feten  rf  500  njufi  c.s  i riles  n.os 
been  located  1500  r.m  *ror.  , point  of  forecast  interest  j'd  ever  whies 
a uniform  wind  42  > rot  s t i-  peer  siowim;  ‘or  Ic  no»r  . This  date 
is  entered  in  steps  i , 2,  5,  a'e  v of  tr.e  ,ea  jr-j  b*ti  , .Vo.-.^sheel 
(Figure  C)  . Enter  the  .e‘f  - . ;e  or  r.'jute  5 witr  o - 4.  »'.or3  and 
move  to  the  right  to  Tj  - lo  hour,,  w.s'cs  comes  be* ere  F - 5CC  r.r  , 

Inis  indicates  tha-  wave  generation  »s  Jurat. or.  At  tne 

po  int  Li  - 42,  to  r :C,  teas  ri  reef,  ; p - is  see  one  s arc  o,  ^ ■ 

270  nautica'  miles.  ’ n.-ue  values  j r.j  entered  • r.  _,iep  4 yf  tr.e  worw- 

sheet . 

For  added  i I i ustr  jt  i r.n  (not  >.row  or  »n.»  *or  r sr.ee  r ; -j?  :-u"o  0 wins  jura 
tier,  of  5c  tujurs.  Tnon  prov.;o  j u i on..  f <-o  42  wnyi  list-,  arriving  at  ► : 

500  nn  be*ore  r»..j-;r- i f>  . ft,*’  5'  non’  Cur  a’  ion  .orve,  giving  - 50  feet 
7 c = lb  seconds  a"  : i 50-'.'  sr  . A j j i : i -,,r. , i * i r- - N'j'ijn  wii1  1 j i i 

to  pryjuou  rigrujr  waves  i n t‘  i j f.-icn  an:  wi  rc  wave  sen*  ' at  i o'  is  tr.er. 
fetch  i i mi  tec . 

Goifig  back  to  tr.e  cur-jTi.^n  iirr.l;».-j  eni.m  Tne  upper  left  pane1  oi 

figure  / with  7 * 13  seconds  aru  rK.v«  iro  ts.-  Ct-c-iy  j i st  »nce 

line  D = i bOG  nr.  fr.r  i n / , , • a to  ■ i > to  'min-  < *0  r.r  i 


The  upper  right  panel  . Read  thor*.  a !.;./'Tp  ratio  !.'■  : rvs.  tr  •.  top  of 
the  nomogram.  This  value  is  entered  in  step  6 of  the  w^Ksroe'  . in 
step  7 compute  To  ~ 13  X 1.37  - 17.8  seconds.  Inter  t>-  lower  left 
panel  of  Figure  7 with  fip  = 25  feet,  proceed  vertic-il  i / :c  a - i 500  nr 
and  thence  horizontally  i r to  the  lower  right  pane;  to  c 70  nr. 

Reao  decay  ratio  = 0.28  in  step  8.  in  stop  v cor.;  «tc  -5  X 

0.23  - 7.00  feet.  Rounding  off  these  values,  the  25  foot,  ;5  >econj 
significant  wind  wave  at  the  leeward  eag*-:  of  the  fetch  has  decayed  to 
a significant  swell  of  7 feet  with  a period  of  18  seconds  jf ter  a i5Cj 
nautical  mile  decay  distance.  From  step  10  in  the  worksheet,  using 
Figure  8 gives  a fetch  to  forecast  point  travel  Time  of  oh  hours. 

This  value  should  ae  adoec  to  the  time  the  wine  wave  left  tr.e  ‘oh'i  to 
predict  tne  arrival  of  swells  in  tr.e  forecast  area  (step  II).  Tnis 
travel  time  could  also  have  been  guickiy  computed  * rom  cc>ct!or  ft.'. 

L.t  - i . 5 1 5T  - | . ">  i 5 < Id  = 2 7.2  7 knot . 
i 'jZO  nm./c 7.27  - hp  :-Cot  •. 
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waves  are  arriving  frotn  a direction  of  240  degrees  to  a north-south 
beach  with  a 1:30  slope.  Deep  water  wave  crests  are  everywhere  nor- 
mal to  the  direction  of  motion  of  the  wave  (wave  orthogonal).  Tne 
wave  crest  angle  (ao)  is  complimentary  to  the  angle  between  the  wave 
orthogonal  and  the  beach.  Enter  the  angle  (aQ)  between  wave  crest 
and  beach  contours  in  step  3 of  Figure  9.  In  this  example: 

wave  orthogonal  angle  = 240  - 180  = bO  degrees 

wave  crest  angle  (ao)  90  - 60  = 30  degrees. 


Following  the  steps  of  the  surf  worksheet  (Figure  9)  and  using  surf 
graphs  in  figures  10  through  22  gives  significant  breaker  height  of 
12  feet.  Statistically  the  maximum  breaker  height  could  be  I .57 
times  the  significant  breaker  height,  or  72  feet,  ifroakers  would  bo 
predominately  plunging  and  would  induce  a 1.8  xr,ot  longshore  current 
on  a smooth  straight  beach.  Due  to  various  beouh  or  ientations  and 
bottom  contours,  it  may  be  necessary  to  prepare  breaker  height  fore- 
casts for  several  points  along  a relatively  short  stretch  of  the 
coastline.  Individual  refraction  diagrams  may  be  necessary  to  accu- 
rately forecast  breaker  conditions  caused  by  irregular  bottom  features. 
This  is  especially  true  near  reefs  or  submarine  canyons. 
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THE  BAR  PROBLEM 


So  for  we  have  considered  only  breakers  from  waves  mov  i nq  onto  a oeach 
from  deep  still  water.  As  waves  encounter  a tidal  current,  wnether 
moving  with,  against  or  at  an  angle  to  the  current,  tne  w-.<vc-  lengt.n, 
steepness  ar.d  wave  speed  will  change,  wiTn  cly  tne  period  n c-rr.d  i n i r, 
constant.  Waves  wit'  also  change  direction  when  tney  meet  a rurren. 
at  an  angle.  The  magnitude  and  direction  of  these  char. jc-s  is  as  yet 
largely  unknown,  and  discussion  will  De  limited  to  tne  more  simpie 
case  of  an  incoming  wave  encoyn+er i ng  either  a directly  opposing  or 
following  current. 


Jonr.son  (6)  has  developed  T'.c  following  wave  me -a  i f icat  ior;  rations: 
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wnicri  defines  tr.e  wave  steep  re..,  of  t-vj  <-  . ; i ; iej  a jv...  . v. . . .r-_- 

f.ess  parameter  appre-cer  tne  cri;i,  j I /j.nc  (-J.i-  ? p;  . ■ i a : ^ 

thy  incoming  wove  pe.sv.es  uioi-jL  ie  a-i  t bra-SrS.  ■ ■ om  ti-.i-v  ■ :..if -..r 

and  from  Figure  23  it  cjr  ee  rr..»  r as  a • r.^o'.i ; ; »j.u  moo  * s ur 

opposing  (ebb)  current  the  wave  r.ei  jht  .ir:  «av.  s , ' ..'va  e 

quite  <'ap  idly  « i 'h  f he  * a ye  ~s r > a>  ■ ■ r : > • j; : ' - " : . " : i ‘ 
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Whiie  a following  current  ray  induce  sore  wave  instability,  the  normal 
trend  is  for  lower  wave  heights  with  less  wave  steepness  and  generally 
flatter  seas. 

As  an  example,  a set  of  conditions  have  been  selected  for  a fuily 
arisen  sea  that  is  comnior. ly  observed  over  many  offshore  oars  in  the 
Pacific  Northwest.  Since  significant  wave  height  is  a statistical 
value  that  tends  to  be  quite  staale,  a more  realistic  "average  sea 
state"  will  be  employed,  from  tne  Wilbur  Marks  Sea  State  Chart, 

Figure  24,  note  that  a 22  to  27  ,'<r  at  wind  generates  seas  with  an 
average  height  of  7.9  feet,  average  per iou  of  6.8  seconds  and  average 
wave  length  of  I6C  feet.  Considering  a solitary  wave,  the  mean  deep 
water  wave  speed  would  be  C = 3.C3T  - 3.03  X 6.8  = 20.6  knots  cid  wave 
steepness  m^/Lp)  = 7.9/ loO  = 0.049.  Let  this  wave  meet  a direct  I v oppos- 
ing or  ebb  tidal  current  of  3.0  knots. 


Then 


I + 4 ( 


-3.0 

20.6 


■) 


0.65. 


F rom  (Equal  ion  10) : 


Lc 


I cG 


I 10  feet . 


From  (Equation  il): 


7.9 


I 2.Q 

\|  .65(  I + .65) 


And 


’ . ! C . 


feet. 


Tnus,  tne  d-foct  staois  wave  r'"}3  grown  I : foot,  the  wive  length  has 
shortened  to  MO  feet  ar.o  the  wave  sleep  nose  ratio  has  reached  tr.e  unsta- 
ble criterion  or  creaking  pel rt. 

Conversely  r.ad  the  wave  moved  inTo  a Mood  i f cUco  i n ;,'  current  of  1.5 
Knots  the  parameter  "a"  woj.o  be  i.;3,  h,.  wouic  be  r.-cu-oc  to  7.2  fee*, 
Lc  would  lengthen  tc  i rC  feet  aro  tm  wave  steepness  ratio  would  be  0.54, 


A email  uoat  operator  ould  va'ely  sacs  over  t (or  out  of  tne 
channel)  with  a Mood  lide  or  during  siac-  water,  pjT  woe  id  exper  i er, 
considerable  difficulty  on  <-bb  Mde.  ' ir.o  water  oepth  over  ~ost  u- 
Coast  pare  : s .'.of  a1,  shall  o«  as  fw-  cep  to  -c-gu  i rec  t_,  ir.jce  wave  p- 
fdp  r i .7  i-’p  wh-'.-e  j;  is  pre-j-iog  Jo;,  t r.  an-j  op  i p-eakcr  :>e •;*> * ) s- 
was  no!  taKio  , r.to  account,  evor.  tr,-,-ar'  the  : ricom  i r>rj  wav11  ,o„  i ; • ; / 
start to  fee i oortem  or  tt.-  seaward  s i o-.  of  tne  bar.  ; r r 
very  stia  i low  Oar  t . . c .r  rt.-rvl  - i nducec  increase  In  wave  neiont  wOu  : c 

additive  to  1 1 ■ ■ i i r-,g  effect. 


o i ► ; ■'  ; 
o j i i * • : 
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FORECAST  EXAMPllS 


V-  . 

FORECAST  FOR  THE  GOLDEN  GATE 

One  of  tnc  most  severe  storms  and  highest  seas  of  the  pest  SO  years 
along  the  central  California  coast  occurred  from  February  7-9, 

I960.  Figures  26  through  28  show  the  surface  charts  for  this  storm. 

The  storm  center  developed  quite  rapidly  with  warm  sector  winds  o< 

30  knots  appearing  on  the  07/122  chart  (not  shown).  By  1 6002  a 
fetch  (area  within  dashed  lines  of  Figere  2b)  had  developed  with  U = 

30  knots,  td  = 9 hours  (6  hours  from  i 200Z  to  I8C0Z  plus  one  half  the 
time  interval  between  maps  when  the  wind  was  assumed  to  nave  sprung 
up)  and  F - 1100  nm.  Entering  Fiqure  b with  U and  tg , read  Hp  = 10. b 
feet,  Tp  - 8.3  seconds  ond  Fmin-  90  nm  with  wave  height  duration 
limited.  Since  there  is  no  decay  area  these  waves  wOulJ  De  occurring 
off  the  Golden  Gate  by  07/162. 

Wind  in  the  fetch  then  quickly  increased  to  an  average  of  A0  knols  for 
the  ensuing  o hours  (l:  inure  26).  Now  fol  low  the  uol  ted  lines  of  con- 
stant wave  energy  **om  U - 3C  knots  and  Hf  * 10. b feel  upward  to  u 
40  knots  ond  reac  tf.ir.-  A hour-,.  Then  from  i fie  fetch  of  Figure  2u, 

0 ••  40  knots,  tj  - 4 + o = 10  hours  ana  F 1100  nm.  Entering  Fi  jure 

3 wilh  these  values,  read  up  16  foot,  T«  10.6  secoadu  and  rmjn- 

I 2b  nautical  miles.  This  would  be  tne  sea  state  by  08/002.  This  gra- 
dient then  held  with  40  knot  winds  <or  an  additional  12  hours.  I no 
tefen  length  sriu  exceed o i 1,000  nm  or,  tnc  06/002  cnuri . Inis  fetch 
length  coulu  still  09  used,  as  the  trough  was  expected  to  flatten  wits 
a slow  veering  of  tnc  wino.,,  but  with  winds  still  within  p sector  that 
would  direct  wives  towar-J  the  Golden  Gate.  Waves  would  initially 
arrive  from,  tne  southwest  -r.c  gr.jsuuliv  shift  into  the  .-cat  as  the 
front  passed  over  * no  Golden  Gate  near  9o/!3Z  (t  inure  27).  With  winds 
Holding  at  4C  Knots  up  to  Ob/12..',  duration  time-  is  now  22  hours  and 

1 rum  r jrc  3,  seas  wou  I c (r  uv  to  op  - .'3  feet,  ly  13...  seconds 

anu  Fmin  360  nm.  "ronfal  anc  post-frontal  winus  averaged  46  knots 
fer  another  12  hours  (Figure  2h.  From  0 = 40  knots  and  fi  23  foot 
move  up  tne  energy  lines  To  U ' 46  knot:,  and  read  tmin-  i4  hours.  Tne 
Tnen  td  r i i ♦ i 2 - 2t>  nours.  Moving  aieng  tne  46  Knot  i i r.e  to  tj  r 

2c  hours  an,"  road  a wave  neigh  r of  33  feet  at  i3.2  s^i  njs.  This  would 

be  the  sea  state  otf  the  Golden  Gafe  at  09/0C2 . The  f tch  was  shorten- 
ing rapidly  as  the  low  moved  onshore.  During  the  following  12  hours 
seas  Should  diminish  quickly  and  gradually  v-»er  ir.t.  on  orrival  direc- 
tion from  the  northwest.  ueas  • f 33  feet  with  j ;-«-r  ioo  of  i2  s-.unj 
were  reported  off  the  Golden  Gate  near  tne  end  f this  '..'arm,  Ino 
Shor ter-than-forocast  wave  period  would  appear  ;o  be  > -.ommon  on-.oi  vrr 
bias  of  reporting  average  wave  period  while  e.,  1 i nj : i ng  tbo  luruer  or 
significant  wave  height. 

GOI'IMolA  RIVtR  JAR  FOPLC/'ST  WITH  GTA:-lE  )>vllLs 

Figure  29  shows  the  u*/ nop  tic  pattern  off  tnc-  Pacific  ho'fhwest  as  of 
90002  December  3,  i )69.  Tnt  i no  i,. a ted  fetch  had  beer  ,r  operation  for 
a period  of  lb  hour-,  with  36-i-.no 1 wir;-,  by  map  time.  An  jjjitionjl  !. 
hour u Of  win)  duration  was  ad-d'-j  1_.  j-.v/jnl  •'  ><  lo-*-  - : • < }■,  air, -a;/ 


in  the  area  when  the  fetch  first  developed.  As  indicated  or.  toe  work- 
sheet (Figure  30)  a 10  foot.  In  second  significant  swell  wo j I d reach 
the  mouth  of  the  Columbia  River  by  04/04032.  The  (e'en  persisted  for 
another  9 hours  and  it  would  take  12  hours  for  mid  fetch  waves  to  pass 
out  of  the  leading  edge  of  tne  generating  area.  Thus  about  20  hours 
of  heavy  swells  could  be  expected  from  this  storm. 

As  the  swell  train  approaches  the  mouTh  of  tne  Columbia  River  it  would 
move  against  an  average  4 knot  current  during  ebb  tide.  From  equation 
S,  ana  Figure  23  (or  Equation  II)  there  would  oe  an  increase  of  signi- 
ficant swell  height  from  1C  feet  in  still  water  to  12  feet  in  the  tidai 
current.  This  example  illustrates  a stable  swell  wiln  a long  period 
and  long  wave  length  and  with  tne  snorter  wave  lengths  generally  absent 
from  the  wave  spectrum.  Only  j slight  increase  of  wave  heign*  is  noted 
when  the  swell  i nvades  the  tidal  current. 

CO 1 0Mb  I A RIVER  dAR  FORECAST  with  WIND  WAVES 

Wind  duration  o<  the  fetch  shewn  in  Figure  3l  was  o hojrs  with  the 
fetch  forecast  to  move  to  the  Columbia  River  mouth  in  ihe  next  12 
hours.  Fetch  winds  had  been  near  30  knots  but  decreased  to  20  knots 
for  a 25-mat  average  over  the  total  18-hour  Ourj;  ion,  giving  a fore- 
cast arrival  time  of  18002  November  23,  I9t9.  With  u - 25  Knots  anj 
t<j  - 18  hours,  HF  - II  feet  and  Tf  = 9 seconds  witn  no  decay  (Fig. 5).  From 
Lquation  ll  this  significant  wave  height  would  increase  to  i5  feet  as 
it  meets  tne  average  4.0  knot  ehb  tidal  current  over  tne  Columbia  oar. 
..'Mie  these  seas  are  aeration  limited  tney  are  appro.cn  i r,:.  a fully 
arisen  seo  ur.d,  as  Jis-ussod  earlier,  the  lea  State  Chart  must  be 
entered  for  "average  seas"  in  order  to  more  closely  estimate  random 
sea  conditions  over  the  bar.  I r ter po luting  in  rr,<  2c  to  v/  knot 

bracket,  a sea  containing  an  I I - foot  sigr.if  .cant  wavo  would  have  <>n 

average  wave  height  of  spout  7, | foot  witn  an  average  oer ioj  of  o.s 
Seconds  and  average  wave  length  near  1 4/  fret,  ibis  average  wave 
(from  figure  23)  woulq  in  crease  to  about  12  feet  and  from  Equutior. 

( 10)  decrease  its  wave  lengtn  to  -59  feet  with  o resulting  wave  steep- 
ness of  0.12.  The  cfiorter  wave  lengths  would  then  bo  plunging  type 
breaking  waves  superimposed  on  the  longer  more  stable  sigri  f iont  wave, 
ana  would  break  before  reaching  a neight  of  i2  feet. 

From  the  fioal  Current  Tables,  on  November  23,  i vo9  maximum  obo  t>Je 

at  Capo  Disappointment  Lignt  (near  tne  Columbia  River  channel  entrance) 
occurred  at  luloPST  witr;  j maximum  ebb  flow  of  5.cb  mots  (use  o’  cur- 
rent prediction  tables  is  fully  explained  i r.  eo<  h i-.je  of  i he  ..jji 
Current  iables  and  is  not  repeated  here).  ' ne  tor\-:,.t  Just  camp 1 ■„  f »;J 
would  then  be  issued  as  follows; 

"Significant  waves  of  II  feet  <ji  9 second  periods  ever  t a Cclumr.ij 
by  10  a.n.  today  i n <m'.  i ng  to  near  15  feet  with  heav'  bcea-inq  w. 
at  maximum  ebb  tide  near  4 p,m.  ar.a  dec.  easing  again  u *0  *oet  a:  sip  . 
water.  Much  lower  seas  Monday." 


VII.  SOUTHERN  CALIFORNIA  SEA  STATE  FORECASTS 


Southern  California’s  offshore  islands  present  a complex  array  of 
shielding,  refracted  wave  rays  and  open  exposures  to  the  sharply 
curved  main  coastline  (see  table  ).  The  most  meaningtul  approach 
to  a local  soa  Tate  and  surf  forecast,  withir.  present  capabilities, 
is  simply  to  mocify  the  open  ocean  wave  or  swell  for  points  with  a 
direct  exposure  'i.e.,  open  windows)  to  the  expected  arrival  direction. 

A mart  intuitive  or  empirical  adjustment  is  then  usually  sufficient  for 
estimating  wave  or  breaker  heights  in  more  sheltered  areas,  but  this 
would  bo  very  time  <onsuming  and  would  still  require  a number  of  gross 
assumption;  or  estirstes.  with  a few  local  exceptions,  waters  within 
breaker  inducing  depth  leading  to  the  major  beaches  have  comparati velv 
uniform  oottom  con+ours  with  approximately  a 1:30  slope.  Windows  or 
open  exposure  areas  were  measured  directly  from  appropriate  Coast  ano 
Geodetic  Survey  charts. 

The  deep  water  or  open  ocean  rave  forecast  is  prepared  as  in  previous 
sections.  Now,  however,  one  car  immediately  eliminate  any  area  north 
o4  a 295  degree  great  circle  path  converging  on  San  Diego  as  a possi- 
ble fetch  area.  This  is  due  to  the  shielding  of  the  lanoform  near 
Point  Conception.  On  the  other  hand  the  tropical  eastern  Pacific  anu 
the  south  Pacific  Ocean  are  frequoi.f  spawning  grounds  for  swells  that 
may  inouce  heavy  surf  on  southern  California  beaches  during  spring, 
summer  and  early  autumn.  Very  intense  storms  often  remain  near  I y 
stationary  in  the  far  south  Pacific  Ocean  for  extended  periods.  Seas 
of  30  to  40  feet,  or  more,  are  not  at  all  uncommon  in  tnese  storms. 

Snoulo  these  seas  be  propagated  along  a great  circle  path  leading  to 
southern  California  they  will  arrive,  after  a 5000  to  0000  mile  decay, 
as  very  low  and  very  long  swells  with  abundant  wave  energy.  These  20 
to  24  second  period  swells  with  wave  lengths  in  excels  of  1,000  feet 
frequently  pass  undetected  over  vast  areas  of  the  ocean.  Upon  reaching 
shoaling  waters  algng  the  southern  California  coast,  swell  heights  will 
increase  as  wave  lengtns  shorten,  with  very  heavy  breakers  pounding 
exposed  shores. 

While  western  north  Pacific  typnoons  may  be  in  areas  with  open  windows 
to  southern  California,  the  geometry  of  their  circulation  is  not  con- 
ducive to  directing  heavy  swells  toward  southern  California.  Eastern 
Pacific  tropical  storms  and  hurricanes  frequently  direct  heavy  swells 
.oward  southern  California.  Techniques  for  predicting  wind  waves 
developed  by  tropical  storms  and  hurricanes  are  the  same  as  for  extra- 
tropical  storms.  The  only  difference  is  the  greater  difficulty  encoun- 
tered in  determining  surface  wind  flow  in  a hurricane:  and  fetch  boundarie 
that  would  direct  waves  toward  a spec! tic  target  area. 

SWELLS  AND  BREAKERS  FROM  A WINTER  STOW 

Early  : n its  life  the  deop  low  of  Figuie  12  directed  very  heavy  swells 
toward  Hawaii  with  resulting  gigantic  breakers  and  extorsive  proparly 
damage.  Slowing  of  the  storm's  forward  speed  in  • i *_»  final  stages  -lave 
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"increasing  s&utnerly  swells  Saturcay  becoming  4 to  S feet  witn 
breakers  6 to  8 feet  ana  occasional  sots  to  i2  feet  on  south  facing 
oeacnes  Suncay.  Very  strong  rip  currents  anc  local  hazardous 
swimming  conditions  with  nigh  breakers  Sunday.  Decreasing  southerly 
swei i ana  lower  breakers  iate  Monday." 

For  a .rore  .ocaiizeo  rorecast,  it  is  r.otec  fror.  Vao.e  . mat  Port 
.-.-cr.eme,  Zu u;,  Va. ibw-Surfr iaer,  Santa  Monica,  Keconao,  Sar.  G.emer.te, 
Ocwar.siuo,  Dei  Mar,  anc  Mission  beacr.es  are  all  open  to  swei  is  arriving 
iron  2.C  cog;  ees  <-?.o  wow.o  feei  tne  fui.  eHoci  of  tne  scutr.cny  sweii. 
r.wntir.gron  Ge  or.  anc  Seal  6each  nave  marg,n0:  exposure  to  swells  from 
tnis  ci  recti  or.  anc  wOu.j  rer.o  to  nave  Siigrtiy  jower  breakers.  Newport 
-•.cac.'  w^tai>-  uppcu"  to  be  margir.a.  Out,  Cue  to  reavy  refract i or  i noucec 
.y  * ‘ v Newpcrr  Suora-ire  canyon  anc  by  Oe.,c'  c-rv^t,.  c,  tr.e  fu<  i fo'ce 
o*  me  rciiw  breakers  wo-iC  ae  fe.t.  Tnis  is  es?feC;«,.iy  true  for  tr.e 
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FETCH 


1 . 

Wind  speed  over  fetch: 

U = 

32 

KTS 

2. 

Lengtn  of  fetcn: 

F = 

720 

N.M. 

3. 

Duration  of  winas: 

^d  ' 

48 

HRS. 

*ft« 

SEA  IN  FETCH 

4. 

Enter  Figure  5 wltn  o (step  i)  ar.d  F or 

"f  = 

21 

FT 

(s  . tp  2 or  3)  whichever  comes  first  write 
goirg  across  graph  from  ieft  to  right  arc 
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! 3 
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SWELL  AFTER  DECAY 
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Measure  cecay  a i stance  3: 
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1200 
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Enter  upper  porr.or,  Figure  7 with  7p  (step  4) 
ar.c  3 listep  b)  - move  horizontally  across  to 

F, ; n (step  4)  rr.en  vertically  to  Tq/T- 
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1 .23 
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Tg/Tr  from  s~ep  6 ar.d  Tp  (step  4)  compute 
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Enter  iower  cor  Tier,  uf  Fi^-re  7 with  n- 
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SEA  IN  FETCH 
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F.r.Ter  Figure  5 with  1/  (step  i)  and  F or  t* 

HF  = 
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(step  2 or  3)  whichever  comes  first  while 
going  across  graph  from  left  to  right  a.nc 
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N.M. 

SWELL  AFTER  DECAY 
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VTF 

1 .36 

7 # 

_tep  t,  J r ip  (step  4)  compote 

! 

») 

1 

X 

li_ 

1- 

T , 

i9.fi 

SECS 

5 . 

I'.Ter  lower  portion  of  Figure  7 w'tr.  H," 
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SOUTHERN  CALIFORNIA'S  MAJOR  BEACHES  WITH  BEACH 
ORIENTATION  AND  EXPOSURE  WINDOWS 


Rincon  and  Sol imar 

Orientation:  303°  to  123° 
(retraction  around  small 
points  bring  surf  onto 
beaches  from  i80°) 

Window:  276°  to  255° 


HuntlrgTon  Beach 

Orientation:  310*  to  130* 
Windows:  276°  to  260* 

2 00°  to  155° 


Point  Hueneme 

Orientation:  332°  to  152° 

Windows:  285°  to  26 b° 

224°  to  I 99® 

190°  to  i 65° 


Seal  Beach 

Orientation:  320°  to  120° 

Windows:  245°  to  238° 

192°  to  154° 


Zuma  beacn 

Orientation:  320°  r o 240® 

v.  i ndows:  235°  to  21 4° 

263°  to  220° 

21 2°  1o  170° 


Newport  Beach 

Or  iemar  ion: 

North  of  pier  330°  to  150° 
South  of  pier  295°  to  115® 


Wi ndows : 
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204° 


to  262° 
to  156° 


Vi  i i jo-'’  -.r  f r i der 


Son  Clement*.-  oc  v.  n 


Santa 
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223° 

to 
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TO 
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340® 

* To 
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North 
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rh  or 

337°  to  157° 
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to 
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o;  r.ing  iluroor 
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to 

274° 

i no  .„ws  : 
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to 
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lo 
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‘ to 
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